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$A,$ $B$ $B$ $Av=\lambda Bv$
$\mathcal{R}(\tau)\equiv(A-\tau B)^{-1}B$
$\mathcal{F}=c_{\infty}I+\sum_{p}\gamma_{p}\mathcal{R}(\tau_{p})$ $[a, b]$
$m$ $B$- $X=\{x^{(1)}, x^{(2)}, \ldots, x^{(m)}\}$
$X$ $\mathcal{F}$ $Y=\mathcal{F}X$
$[a, b]$ $S$
$X$ , $Y$ $Z$ $S’$
$S$ $B$- $Z$ $Y$ [9].
$S’$ $Z$ Rayleigh-Ritz
2
$N$ ($A,$ $B$ $B$ ) : $Av=\lambda Bv$
$\mathcal{R}(\tau)\equiv(A-\tau B)^{-1}B$ $\mathcal{F}=c_{\infty}I+\sum_{p}\gamma_{p}\mathcal{R}(\tau_{p})$
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$\lambda$ $v$ $\mathcal{F}v=f(\lambda)\cdot v$ (
$\lambda$ $\mathcal{F}$
$\mathcal{F}$
$\phi=f(\lambda)$ ). $f( \lambda)=c_{\infty}+\sum_{p\vec{\lambda-\tau}_{p}}^{\gamma_{-}}$






$[a, b]$ ( 1). $a$
$\lambda=\mathcal{L}(t)=a+(b-a)t$ $\lambda\in[a, b]$ (
) $t\in[0,1]$ $t$ $g(t)\equiv f(\lambda)$ $f(\lambda)$
$a$ $g(t)$ $a_{p},$ $p=1,2,$ $\ldots,$ $n$
$t$ $g(t)=c_{\infty}+ \sum_{p=1\overline{t}+a_{p}}^{ng_{-}}$ $c_{\infty},$ $a_{p},$ $c_{p}$
$g(t)=f(\lambda)$ $\lambda=\mathcal{L}(t)=a+(b-a)t$ $\lambda$ $f( \lambda)=c_{\infty}+\sum_{p=1\tau_{p}}^{n_{\frac{\gamma}{\lambda-}=}}$
$\gamma_{p}$ , $\tau_{p}$ $\gamma_{p}/c_{p}=\mathcal{L}’=(b-a),$ $\tau_{p}=\mathcal{L}(-a_{p})=a-(b-a)a_{p}$ $f(\lambda)$
$\mathcal{F}=c_{\infty}I+\sum_{p=1}^{n}\gamma_{p}\mathcal{R}(\tau_{p})$
$\lambda$







$g(t)$ 1 $t$ 1 $|g(t)|$
$g(t)$ $g_{paae},$ $g_{st}$ $p$ $\mu$ ( 2).












$g(t)= \sum_{p=1^{\frac{c}{t+a_{p}}}}^{n}$ $n$ $a_{p}$ $c_{p},$ $p=1,2,$ $\ldots,$ $n$
$t\in[0,1]$ $g(t)$ 1 $t>\nu(>1)$ $|g(t)|$
$a_{p}$ $n$
$a_{p}$ $c_{p}$
5.1 I) [l $\infty)$
$\nu$ 1 $[\nu, \infty)$ $g(t)$ 2
Lagrange $g(0)=1$ 2$J=I^{[s]}+2 \lambda\cdot\{1-\sum_{p=1}^{n}(c_{p}/a_{p})\}$
$I^{[s]} \equiv\int_{\nu}^{\infty}\{g(t)\}^{2}w^{[s]}(t)dt=\sum_{p,q}S_{p,q}c_{p}c_{q}$ . $S_{p,q} \equiv\int_{\nu}^{\infty}\frac{1}{(t+a_{p})(t+a_{q})}w^{[s]}(t)dt$ $w^{[s]}(t)$
$J$ $0$ $\partial J/\partial c_{p}=\sum_{q=1}^{n}S_{p,q}c_{q}-\lambda/a_{p}=0,$ $p=1,2,$ $\ldots,$ $n$ ,
$\partial J/\partial\lambda=1-\sum_{p=1}^{n}(c_{p}/a_{p})=0$ $Sc=\lambda b,$ $b^{T}c=1$ . $b$ $p$ $1/a_{p}$
$Sx=b$ $c\Leftarrow 1/(b^{T}x)\cdot x$ $S$
$S$ $c$
52 II) $[\nu, \infty)$ $[0,1]$
$\nu>1$ $\omega$ $2J=I^{[s]}+\omega I^{[p]}$
$I^{[s]}$




$\equiv$ $l^{\infty} \{g(t)\}^{2}w^{[s]}(t)dt=\sum_{p,q}S_{p,q}^{[s]}c_{p}c_{q}$ .
$I^{[p]}$
$\equiv$ $\int_{0}^{1}\{1-g(t)\}^{2}w^{[p1}(t)dt=\sum_{p,q}S_{p,q}^{[p]}c_{p}c_{q}-2\sum_{p}h_{p}c_{p}+1$ .
$S_{p,q}^{[s]} \equiv\int_{\nu}^{\infty}\frac{1}{(t+a_{p})(t+a_{q})}w^{[s]}(t)dt,$ $S_{p,q}^{[p]} \equiv\int_{0}^{1}\frac{1}{(t+a_{p})(t+a_{q})}w^{[p]}(t)dt,$ $h_{p} \equiv\int_{0}^{1}\frac{1}{t+a_{p}}w^{[p]}(t)dt$ .




$S^{[s]}$ $\int_{\nu}^{\infty}\{g(t)\}^{2}w^{[s]}(t)dt=\sum_{p,q}S_{p,q}^{[s]}c_{p}c_{q}$ $g(t) \equiv\sum_{p\overline{t}+a_{p}}\infty$
$w^{[s|}(t)$ $S_{p,q}^{[s]}$ :
$S_{p,q}^{[s]} \equiv\int^{\infty}\frac{1}{t+a_{p}}\frac{1}{t+a_{q}}w^{[s]}(t)dt=l^{\infty}\frac{1}{s+\alpha}\frac{1}{s+\beta}\frac{1}{\nu}w^{[s]}(\nu s)ds$
$\alpha=a_{p}/\nu,$ $\beta=a_{q}/\nu$ $w^{[s]}(t)$ 8
$S^{[s)}$ ( 6 ).
1. $w^{[s]}(t)=1$ ($a_{p}\neq a_{q}$ ) :
$\nu S_{\rho,p}^{[s]}=\frac{1}{1+\alpha},$ $\nu S_{p,q}^{[s]}=\frac{1}{\alpha-\beta}\log(\frac{1+\alpha}{1+\beta})$ .






5. $w^{[s]}(t)=\lambda e^{-\lambda(t-\nu)}$ :
$\nu^{2}S_{p,p}^{[s]}=\frac{r}{1+\alpha}-r^{2}e^{r(1+\alpha)}E_{1}(r(1+\alpha)),$ $\nu^{2}S_{p,q}^{[s]}=\frac{-r}{\alpha-\beta}\{e^{r(1+\alpha)}E_{1}(r(1+\alpha))-e^{r(1+\beta)}E_{1}(r(1+\beta))\}$ .
$E_{1}(x) \equiv\int_{x}^{\infty}(e^{-t}/t)dt$, $r\equiv\lambda\nu$ .
134
6. $w^{[s]}(t)_{t}= \frac{\sqrt{\nu}}{\pi}\ovalbox{\tt\small REJECT}_{t-\nu}^{1}$ :
$\nu^{2}S_{p,p}^{[s]}=\frac{1+\frac{1}{2\sqrt{1+\alpha}}}{(1+\alpha+\sqrt{1+\alpha})^{2}},$ $\nu^{2}S_{p,q}^{[s]}=\frac{1+\frac{1}{\sqrt{1+\alpha}+\sqrt{1+\beta}}}{(1+\alpha+\sqrt{1+\alpha})(1+\beta+\sqrt{1+\beta})}$ .
7. $w^{[s]}(t)= \frac{\nu}{2}\frac{1}{t\sqrt{t(t-\nu)}}$ :
$\nu^{2}S_{p,p}^{[s]}=\frac{1}{\alpha^{2}}+\frac{1}{2\alpha^{2}(1+\alpha)}\cross\{1-\frac{(\frac{3}{2}+2\alpha)\log\{1+2\alpha+2\sqrt{\alpha(1+\alpha)}\}}{\sqrt{\alpha(1+\alpha)}}\}$ ,
$\nu^{2}S_{p,q}^{[s]}=\frac{1}{\alpha\beta}+\frac{1}{2(\alpha-\beta)}\{\frac{\log\{1+2\alpha+2\sqrt{\alpha(1+\alpha)}\}}{\alpha\sqrt{\alpha(1+\alpha)}}-\frac{\log\{1+2\beta+2\sqrt{\beta(1+\beta)}\}}{\beta\sqrt{\beta(1+\beta)}}\}$.




$2 \sum_{p}h_{p}c_{p}+1$ $g(t) \equiv\sum_{p}\frac{c}{t+a_{p}}$ $w^{[p1}(t)$
$w^{[p]}(t)$ 2 $S^{[p]}$ $h$
1. $w^{[p]}(t)=1$ ( $a_{p}\neq a_{q}$ ) :
$S_{p,p}^{[p]}= \frac{1}{a_{p}(1+a_{p})},$ $S_{p,q}^{[p]}= \frac{-1}{a_{p}-a_{q}}\log(\frac{1+\frac{1}{a_{p}}}{1+\frac{1}{a_{q}}});h_{p}=\log(1+\frac{1}{a_{p}})$ .















$n=16$ $a_{p}=-3(1+z_{p}),$ $p=1,2,$ $\ldots,$ $n$ $z_{p}$ [-1, 1]
$n$ Chebyshev $T_{n}(z)$ ( :
).
61 ( 1)

























































2: ( 2) $t$ $-a_{p}$ $c_{p}$
$\frac{p-a_{p}c_{p}}{1-5.985554180016590713.045045787111767}$
2 $-5.8708210071966266$ $-12$ 377137100549698

















$0$ 2 4 6 8 10
$t$
3: ( 1) $|g(t)|$ ( ) $(n=16, \mu=3, g_{pass}=1.07E-6, g_{st}$ $p^{=1}\prime 16E-14)$
$\underline{\vee-\wedge\sim\circ}$
$\lrcorner O$
$0$ 2 4 6 8 10
$t$
4: ( 2) $|g(t)|$ ( ) $(n=16,$ $\mu=3,$ $g_{pass}=4.2E-4,$ $g_{st}$ $p^{=4.7E-10)}$
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77.1 ( FEM)
$[0, \pi]\cross[0, \pi]\cross[0, \pi]$ Dirichlet Laplacian
:
$-( \frac{\partial^{2}}{\partial x^{2}}+\frac{\partial^{2}}{\partial y^{2}}+\frac{\partial^{2}}{\partial z^{2}})\Psi(x, y, z)=\lambda\Psi(x, y, z)$ .
(FEM) ( )
$[0, \pi]$ 26
( ) $A,$ $B$
$N=25\cross 25\cross 25=15,625$ ( ) $25^{2}+25+1=651$
Dirichlet Laplacian
[0,30]
CPU intel Core-i7 $2600K(3.4GHz,$ $4$ $8M$ L3
Turbo 3.$8GHz$, Hyperthread ) Dual Channel $8G$
(DDB,&1333MHz, PC3-10600 ) 4 $32G$ OS Fedora 15
IEEE754 64
72 1: ( 1)
( 1) $n=16$
$\mu=3,$ $g_{pass}=1.06E-6,$ $g_{stop}=1.16E-14$
$m=300$ $B$- $X$ $Y$
$Z$ $Z$ Rayleigh-Ritz
100 2. $2E-14$ $\beta\equiv X^{T}BY$ 261
$m=300$
( 5) $\mathcal{F}$ $\phi$ 54
$\phi$ gpass $=1.066E-6$ 54
54 [0,30]
5. $33E-7$ 60 6 3079
6 [0,30]
ITO $\Delta$ ( $(\lambda, v)$
$B$- $r=Av-\lambda Bv$
$\triangle=\sqrt{r^{T}B^{-1}r}$ ).
lE-8 $1E-4$ 4 5
( ). ITl IT2
Rayleigh
7
7. $51E-10$, 2. $55E-11$ 10 11
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OpenMP 4 271 Rayleigh
60 2 1,4431 ( 3).





100 2. $2E-14$ $\beta\equiv X^{T}BY$ 297
$m=300$
8 $\mathcal{F}$ $\phi$ 54
$\phi$ $g_{pass}=4.25E-4$ 54 54
[0,30]







2. $75E-8$ 9. $37E-10$ 9 10
OpenMP 4 269 Rayleigh
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7: 1: $(m=300,$ $5.33E-7)$
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10: 2: $(m=300,$ $2.12E-4)$
4: 2: ( )
144
9 QE
Hessian Newton Newton DFP (Davidon-Fletcher-Powell)
BFGS (Broyden-Fletcher-Goldfarb-Shanno) [10].
( ) QE (Quantifier Elimination)
: $n$ $\mu,$ $g_{pass},$ $g_{stop}$ ( $1<\mu$ $0<g_{stop}<g_{p}$ $s<1$
) :
1. $g(t)$ $n$ $n$
2. $0\leq t\leq 1$ $g_{pass}\leq g(t)\leq 1$ .
3. $1<t<\mu$ $g(t)<g_{paes}$ .
4. $\mu\leq t<\infty$ $|g(t)|\leq g_{stop}$ .
$g(t)$
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